Cloning of a second gene encoding 5-phosphofructo-2-kinase in yeast, and characterization of mutant strains without fructose-2,6-bisphosphate.
We have identified a new gene, PFK27, that encodes a second inducible 6-phosphofructo-2-kinase in the yeast Saccharomyces cerevisiae. Sequencing shows an open reading frame of 397 amino acids and 45.3 kDa. Amino acid sequence comparisons with other bifunctional 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase isoenzymes of various organisms revealed similarities only to the kinase domains. Expression of PFK27 was induced severalfold by glucose and sucrose, but not by galactose or maltose, suggesting that sugar transport might be involved in triggering the induction signal. We have constructed a mutant strain devoid of any fructose-2,6-bisphosphate. The mutant strain grew well on several kinds and concentrations of carbon sources. The levels of hexose phosphates in the cells were increased, but flux rates for glucose utilization and ethanol production were similar to the wild-type strain. However, after the transfer of the mutant cells from respiratory to fermentative growth conditions, growth, glucose consumption and ethanol production were delayed in a transition phase. Our results show that fructose-2,6-bisphosphate is an important effector in vivo of the 6-phosphofructo-1-kinase/fructose-1 ,6-bisphosphatase enzyme pair, and is involved in the initiation of glycolysis during the transition to a fermentative mode of metabolism. Nevertheless, it can be effectively replaced by other effectors and regulatory mechanisms during growth on glucose.